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(54) MARTENSITIC STAINLESS STEEL FOR OIL WELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To allow this steel to exhibit corrosion resistance equal to or above that of duplex stainless steel 
even in an environment of carbon dioxide contg. hydrogen sulfide by allowing it to have a specified compsn. contg. C, Si, Mn, P, 
S, Cr, Mo, Ni, Co, sol. Al, N, O, Cu, W, and the balance Fe with inevitable impurities. 

SOLUTION: This steel has a compsn. contg., by weight, 0.001 to 0.05% C, 0.05 to 1% Si, 0.05 to 2% Mn, ≤0.025% P, 
≤0.01% S, 9 to 14% Cr, 3.1 to 7% Mo, 1 to 8% Ni, 0.5 to 7% Co, 0.001 to 0.1% sol.Al, ≤0.05% N, ≤0.01% 0, 0 to 
5% Cu, 0 to 5% W, and the balance Fe with inevitable impurities. The steel is formed into a slab by an ordinary ingot-making 
method or a continuous casting method, and the slab is hot-rolled to form into a product as it is, or, it is subjected to tempering or 
quenching and tempering after the hot rolling to form into a product. Preferably, the quenching is executed at 800 to 1 ,000°C, 
and the tempering is executed at 500 to 700°C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention is used for a steel pipe, an oil well well bottom hole device, a bulb, 
etc. the flow line which conveys the oil well pipe which pumps out the crude oil which contains carbon dioxide gas and 
hydrogen-sulfide gas in more detail, and its crude oil, and for line pipes about the martensitic stainless steel excellent in a 
carbon-dioxide-gas corrosive and sulfide-proof stress crack nature, and relates to the suitable martensitic stainless steel for oil 
wells. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention was made in view of the above-mentioned actual condition, the purpose 
excels [ this invention ] the above-mentioned super 13Cr steel in corrosion resistance, for example, pH is 3 and is to provide the 
bottom of the carbon-dioxide-gas environment containing a hydrogen sulfide [ many / more / (O.OSatm **, 1 atm or less) ] with 2 
phase stainless steel, and the corrosion resistance more than equivalent and the martensitic stainless steel for oil wells which 
specifically has a carbon-dioxide-gas corrosive and sulfide-proof stress crack nature. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] The summary of this invention is in the following martensitic stainless steel for oil wells. 
[0007] By weight %, C:0.001 - 0.05%, Si:0.05-1%, Mn:0.05-2%, P:0.025% or less, S:0.01% or less, Cr:9-14%, Mo:3.1-7%, 
nickel: 1 -8%, Co:0.5-7%, sol. aluminum: 0.00 1 -0. 1 %, The martensitic stainless steel for oil wells excellent in the 
carbon-dioxide-gas corrosive and sulfide-proof stress crack nature which N:0.05% or less, O (oxygen):0.01% or less, Cu:0-5%, 
and W:0 - 5% are contained, and the remainder becomes from Fe and an unescapable impurity. 

[0008] The martensitic stainless steel for oil wells of the above-mentioned this invention In addition to the above-mentioned 
component, by weight %, V:0.001 - 0.5%, Nb:0.00 1-0.5%, one sort chosen from from while of Ti:0.00 1-0.5% and 
Zr:0.00 1-0.5% — or further two or more sorts calcium: You may contain one sort chosen from from while of 0.0005-0.05%, 
Mg:0.0005-0.05%, and REM:0.0005-0.05%, or two sorts or more. 

[0009] The above-mentioned this invention was completed based on the following knowledge. 
[00 10] It can arrange by the content of Cr and Mo, the corrosion resistance of the martensitic stainless steel under the 
carbon-dioxide- gas environment containing the hydrogen sulfide of a minute amount has especially the large influence of Mo 
content, and if Mo content is made [ many ], its corrosion resistance will improve sharply. 

[00 1 1 ] However, in a martensitic stainless steel, in order to avoid the selective corrosion resulting from 2 phase mixture 
organization which 2 phase stainless steel has, when making the organization into a martensite single phase organization aim, Mo 
content cannot be recklessly made [ many ]. Since Mo is a ferritizer, although, as for this, addition of austenite generation 
elements, such as nickel, is needed with the increase in Mo content, since addition of nickel etc. reduces the temperature 
(temperature = Ms point which a martensitic transformation starts) in which the austenite which is a parent phase carries out a 
martensitic transformation, it is because it is hard coming to generate martensite. 

[00 1 2] That is, if an Ms point falls and it becomes below a room temperature near the room temperature, it will become the 
organization which a martensitic transformation stops being able to happen easily and contains a retained-austenite phase so 
much. Intensity, especially yield strength fall and the steel which contains this retained-austenite phase so much cannot be used as 
steel for oil wells. Moreover, in order that intensity may change sharply by slight processing, the steel materials of uniform 
intensity are not obtained on manufacture. 

[00 1 3] Therefore, in order to improve corrosion resistance, in making [ many ] Mo content, in order to secure a martensite single 
phase organization, an austenite generation element is added, and the device conventionally maintained just like steel, without 
reducing an Ms point on it is needed. 

[00 1 4] For this reason, this invention persons did experiment research wholeheartedly, in order to find out many other properties, 
especially the austenite generation element which does not have a big bad influence on corrosion resistance for many elements it 
not only not to to reduce an Ms point, but. 

[00 1 5] Consequently, Co was an austenite generation element, it was made to go up about [ not reducing an Ms point ] or a little, 
and it became clear not to have a big bad influence on many other properties moreover. 

[0016] Then, as a result of performing a component design in consideration of distribution of each element, and phase balance 
and control of an Ms point, the steel which has the above-mentioned chemical composition demonstrated 2 phase stainless steel 
and the corrosion resistance more than equivalent under the carbon-dioxide-gas environment containing a hydrogen sulfide [ that 
there is more much pH 3 (0.05atm **, 1 atm or less) ], and, moreover, desired intensity carried out the knowledge of the ability to 
stabilize and secure. 

[0017] In addition, as a low C martensitic stainless steel containing Co and Mo, there is steel shown in JP,59-15978,B, 
JP,4-268018,A, a 4-268019 official report, and a 8-246107 official report, for example. However, since Mo content of each steel 
shown in these official reports is 3% or less, the corrosion resistance is inferior to 2 phase stainless steel. Moreover, since Co is 
carried out to to 4.0% at the maximum, in such steel, this invention cannot solve the target technical problem. 
[0018] 

[Embodiments of the Invention] Hereafter, in this invention, the reason which limited the chemical composition of steel as 
mentioned above is explained in detail. In addition, "%" means "weight %" below. 

[001 9] C: If the content of C exceeds 0.05%, a degree of hardness with hardening becomes high, even if it carries out temper at 
an elevated temperature, intensity will not fall, but sulfide-proof stress crack nature will fall. Since the degree-of-hardness rise of a 
heat affected zone became remarkably large and toughness and corrosion resistance fell when using it especially, having welded, 
the upper limit was determined as 0.05%. In addition, although it is better as C content has the lower low one for it being good 



1 of 3 



4/8/03 3:31 PM 



http://vsnyw4.lpdLjpo.go.jp/cgi-bln/tran_web_cgi_ep 

and securing the toughness of a heat affected zone with welding especially, too much reduction causes a cost rise. For this reason, 
manufacture made the minimum 0.001% in consideration of the easy thing economically. The range of desirable C content is 
0.001 - 0.025%, and the more desirable range is 0.001 - 0.01%. 

[0020] Although Si: Si is an element required for the deoxidation of steel, since it is a ferritizer, if it adds too much, a delta ferrite 
will generate and corrosion resistance and hot-working nature will fall. However, in order to acquire sufficient deoxidation effect, 
0.05% or more of content is required. On the other hand, if a content is carried out exceeding 1 %, it will become easy to generate 
a ferrite. Therefore, Si content could be 0.05 - 1%. 

[002 1 ] Like the above-mentioned Si, Mn:Mn is required as a deoxidizer of steel, and is an element with the operation which 
raises hot-working nature. However, at less than 0.05%, those effects are not fully demonstrated for the content. On the other 
hand, if it is made to contain exceeding 2%, toughness will fall. For this reason, Mn content could be 0.05 - 2%. 
[0022] P: P exists in steel as an unescapable impurity, and reduces corrosion resistance and toughness. In order to secure 
sufficient corrosion resistance and toughness, it is necessary to make the content 0.025% or less. In addition, as P content is low, 
it is better. 

[0023] S: Like the above-mentioned P, S exists in steel as an unescapable impurity, and reduces hot-working nature, corrosion 
resistance, and toughness. In order to secure sufficient hot-working nature, corrosion resistance, and toughness, it is necessary to 
make the content 0.01% or less. In addition, like the above-mentioned P, as S content is low, it is better. 
[0024] Although Cr:Cr is the corrosion resistance of a martensitic stainless steel, and a component which raises a 
carbon-dioxide-gas-proof corrosive especially, at less than 9%, an effect is not acquired for the content. On the other hand, if it is 
made to contain exceeding 14%, even if it will add Co mentioned later, an Ms point falls, a retained-austenite phase generates, it 
is still hardening and considering as martensite single phase becomes difficult. Therefore, Cr content could be 9 - 14%. In 
addition, since its carbon-dioxide-gas-proof corrosive improves the more the more Cr content is high, it is 10.5 - 14% preferably. 
[0025] By making the content into 3. 1% or more, it is an element important when securing the best sulfide-proof stress crack 
nature, and as a martensitic stainless steel, the highest sulfide-proof stress crack nature is secured, and the more Mo:Mo increases 
the content, the more the localized-corrosion nature under carbon-dioxide-gas environment and its sulfide-proof stress crack 
nature improve, however, if it is a powerful ferritizer and the content exceeds 7%, even if Mo adds Co of the amount mentioned 
later, a delta ferrite will generate it - an Ms point both comes to fall For this reason, Mo content could be 3. 1 - 7%. 
[0026] nickel:nickel is the most important element in Co later mentioned when suppressing generation of a delta ferrite in the 
martensitic stainless steel of the low C-quantity Cr-quantity Mo of this invention. However, at less than 1 %, even if the content 
makes the below-mentioned Co contain to upper-limit ****** t it cannot inhibit generation of a delta ferrite. On the other hand, if 
it is made to contain exceeding 8%, an Ms point will fall and a retained-austenite phase will come to generate. Therefore, nickel 
content could be 1 - 8%. in addition, as the mould size at the time of continuous casting and the ingot size at the time of ingot 
making become large, it is better for nickel to make the content into 5 - 8% more desirably 3 to 8% at those with an operation 
which suppress the segregation of a segregation plain-gauze cone ferritizer, and the well which acquires this effect 
[0027] Co: Co is an element in which an Ms point is not reduced, suppresses generation of the delta ferrite in the elevated 
temperature of the martensitic stainless steel of the low C-quantity Cr-quantity Mo of this invention, and when it cools, in order 
that it may not make a retained austenite generate, it is indispensable while it stabilizes an austenite phase at an elevated 
temperature. However, the content of the effect was not enough at less than 0.5%, and since it was an expensive element, 7% was 
made into the upper limit in consideration of the manufacturing cost. 

[0028] The content is not obtained for ** by the element which needs sol. aliiminum: aluminum as a deoxidizer of steel, and effect 
sufficient at less than 0.001% is not acquired with sol.alurninum. On the other hand, if it is made to contain exceeding 0. 1%, since 
it is a powerful ferritizer, a delta ferrite will come to generate. Therefore, the sol.alurninum content could be 0.001 - 0. 1%. 
[0029] N: If N exists in steel as an unescapable impurity and the content exceeds 0.05%, a degree of hardness with hardening 
becomes high, even if it carries out temper at an elevated temperature, intensity will not fall, but sulfide-proof stress crack nature 
will fall. Since the degree-of-hardness rise of a heat affected zone became remarkably large and toughness and corrosion 
resistance fell when using it especially, having welded, the upper limit was determined as 0.05%. In addition, as N content is low, 
the toughness of a heat affected zone with welding becomes better. A desirable upper limit is 0.025% or less, and a more 
desirable upper limit is 0.010%. 

[0030] O(oxygen): Since toughness and corrosion resistance fell when it existed in steel as an unescapable impurity and the 
content exceeded 0.01% like the above-mentioned N, O made the upper limit 0.01%. 

[003 1 ] Although it is not necessary to add, since a carbon-dioxide-gas-proof corrosive and sulfide-proof stress crack nature will 
improve if it adds, Cu:Cu can be added if needed. Although the effect becomes remarkable at 0.5% or more, if it is made to 
contain exceeding 5%, hot-working nature will deteriorate and the manufacture yield will fall. Therefore, as for Cu content in the 
case of adding, considering as 0.5 - 5% is good. 

[0032] W: Although it is not necessary to add, since the localized-corrosion nature under carbon-dioxide-gas environment will 
improve if it adds, W can be added if needed. Although the effect becomes remarkable at 0.5% or more, if it is made to contain 
exceeding 5%, generation of a delta ferrite and the fall of an Ms point will take place. Therefore, as for W content in the case of 
adding, considering as 0.5 - 5% is good. 

[0033] Although the steel of this invention is enough if it has the above-mentioned chemical composition, it may contain the 
following element. 

[0034] V, Nb, Ti, and Zr: - since it has the operation which each of these elements fixes C and makes dispersion in strong small 
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- the need — responding -- among these - since — one selected sort or two sorts or more can be added However, at less than 
0.001%, the effect of the above [ the content ] is acquired for neither of the elements. On the other hand, if any element is made to 
contain exceeding 0.5%, a delta ferrite will generate and hot-working nature will fall. Therefore, each content of these elements in 
the case of adding could be 0.001 - 0.5%. 

[0035] calcium, Mg, and rapid-eye-movement: — since each of these elements raises the hot- working nature of steel and also it 
has the operation which prevents nozzle ****** at the time of casting ~ the need — responding - among these — since — one 
selected sort or two sorts or more can be added However, at less than 0.0005%, the effect of the above [ the content ] is acquired 
for neither of the elements. On the other hand, if it is made to contain over any element 0.05, a big and rough oxide will generate, 
it will become the origin of pitting, and corrosion resistance will fall. Therefore, each content of these elements in the case of 
adding could be 0.0005 - 0.05%. 

[0036] The martensitic stainless steel for oil wells of this invention which has the above-mentioned chemical composition can be 
manufactured by ingoting using steel-manufacture furnaces, such as a converter and an electric furnace, refining the molten metal 
using refinement furnaces, such as an AOD furnace and a VOD furnace, if needed, considering as the cast piece of a size 
predetermined by the ingot making method or the continuous casting process subsequently, hot-rolling this cast piece, making a 
predetermined product configuration, and considering as a product as it is, or performing annealing or hardening tempering 
processing after rolling. What is necessary is for special processing to be unnecessary and just to manufacture it according to a 
conventional method in that case. 

[0037] However, the temperature in the case of annealing 800-1000 degrees C of temperature in the case of hardening has 
desirable **'s in 500-700 degrees C, reservation of the martensitic structure in which a martensite single phase organization or a 
little retained austenite exists in this case is attained, and also dispersion in strong becomes small as much as possible. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

■ 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

Pescription of the Prior Art] The environment of the well for extracting petroleum or natural gas in recent years is still severer, 
and the corrosion of the oil well pipe which unearths a crude oil, and piping at the time of conveying a crude oil, without 
performing processing which suppresses corrosion poses a big problem from underground. 

[0003] Conventionally, general carbon steel and a general inhibitor are used together to the oil wells which contain carbon 
dioxide gas so much, or 1 3Cr system martensitic stainless steel has been used for it. Moreover, the improvement steel called the 
super 13Cr steel with which not only carbon dioxide gas but pH reduced the carbon content in the oil well which contains the 
hydrogen sulfide of a minute amount (0.05 or less atms) by 3 is developed, and the use is being expanded. 
[0004] However, in the environment where pH contains a hydrogen sulfide [ many / more / (0.05atm **, 1 atm or less) ] by 3 like 
the above, there are no usable martensitic stainless steels including the above-mentioned improvement steel, and expensive 2 
phase stainless steel had to be used. However, since 2 phase stainless steel has 2 phase organizations of a ferrite phase and an 
austenite phase, and a selective corrosion occurs or it makes the yield of an oil well increase, there is [ problems, like the 
corrosion rate in reed die JINGU which pours in an acid is remarkably large compared with a martensitic stainless steel ], and the 
scope is restricted. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The martensitic stainless steel of this invention has the corrosion resistance in which expensive 2 phase 
stainless steel is excelled, though it is high intensity and high toughness. For this reason, conventionally, it can use for the portion 
by which use of 2 phase stainless steel was made indispensable, since it is high intensity, the thinning of a member can be 
attained, and there is little amount of the material used, and it is settled, and it attaches at a low price as a result compared with the 
case where 2 phase stainless steel is used. Moreover, lightweight-ization of device equipment can also be attained. 
[0054] Moreover, not only a base material but the performance of a weld zone is good, and this invention steel is used not only for 
an oil well pipe but for uses used welding, such as a flow line and a line pipe, and is very effective. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is used for a steel pipe, an oil well well bottom hole device, a bulb, 
etc. the flow line which conveys the oil well pipe which pumps out the crude oil which contains carbon dioxide gas and 
hydrogen- sulfide gas in more detail, and its crude oil, and for line pipes about the martensitic stainless steel excellent in a 
carbon-dioxide-gas corrosive and sulfide-proof stress crack nature, and relates to the suitable martensitic stainless steel for oil 
wells. 
[0002] 

Pescription of the Prior Art] The environment of the well for extracting petroleum or natural gas in recent years is still severer, 
and the corrosion of the oil well pipe which unearths a crude oil, and piping at the time of conveying a crude oil, without 
performing processing which suppresses corrosion poses a big problem from underground. 

[0003] Conventionally, general carbon steel and a general inhibitor are used together to the oil wells which contain carbon 
dioxide gas so much, or 1 3Cr system martensitic stainless steel has been used for it. Moreover, the improvement steel called the 
super 1 3Cr steel with which not only carbon dioxide gas but pH reduced the carbon content in the oil well which contains the 
hydrogen sulfide of a minute amount (0.05 or less atms) by 3 is developed, and the use is being expanded. 
[0004] However, in the environment where pH contains a hydrogen sulfide [ many / more / (O.OSatm **, 1 atm or less) ] by 3 like 
the above, there are no usable martensitic stainless steels including the above-mentioned improvement steel, and expensive 2 
phase stainless steel had to be used. However, since 2 phase stainless steel has 2 phase organizations of a ferrite phase and an 
austenite phase, and a selective corrosion occurs or it makes the yield of an oil well increase, there is [ problems, like the 
corrosion rate in reed die JINGU which pours in an acid is remarkably large compared with a martensitic stainless steel ], and the 
scope is restricted. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention was made in view of the above-mentioned actual condition, the purpose 
excels [ this invention ] the above-mentioned super 1 3Cr steel in corrosion resistance, for example, pH is 3 and is to provide the 
bottom of the carbon-dioxide- gas environment containing a hydrogen sulfide [ many / more / (0.05 atm **, 1 atm or less) ] with 2 
phase stainless steel, and the corrosion resistance more than equivalent and the martensitic stainless steel for oil wells which 
specifically has a carbon-dioxide-gas corrosive and sulfide-proof stress crack nature. 
[0006] 

[Means for Solving the Problem] The summary of this invention is in the following martensitic stainless steel for oil wells. 
[0007] By weight %, C:0.001 - 0.05%, Si:0.05-1%, Mn:0.05-2%, P:0.025% or less, S:0.01% or less, Cr:9-14%, Mo:3.1-7%, 
nickel: 1 -8%, Co:0.5-7%, sol. aluminum :0. 001 -0. 1%, The martensitic stainless steel for oil wells excellent in the 
carbon-dioxide- gas corrosive and sulfide-proof stress crack nature which N:0.05% or less, O (oxygen):0.01% or less, Cu:0-5%, 
and W:0 - 5% are contained, and the remainder becomes from Fe and an unescapable impurity. 

[0008] The martensitic stainless steel for oil wells of the above-mentioned this invention In addition to the above-mentioned 
component, by weight %, V:0.001 - 0.5%, Nb:0.00 1-0.5%, one sort chosen from from while of Ti:0.00 1-0.5% and 
Zr:0.00 1 -0.5% - or further two or more sorts calcium: You may contain one sort chosen from from while of 0.0005-0.05%, 
Mg:0.0005-0.05%, and REM:0.0005-0.05%, or two sorts or more. 

[0009] The above-mentioned this invention was completed based on the following knowledge. 
[0010] It can arrange by the content of Cr and Mo, the corrosion resistance of the martensitic stainless steel under the 
carbon-dioxide- gas environment containing the hydrogen sulfide of a minute amount has especially the large influence of Mo 
content, and if Mo content is made [ many ], its corrosion resistance will improve sharply. 

[00 1 1 ] However, in a martensitic stainless steel, in order to avoid the selective corrosion resulting from 2 phase mixture 
organization which 2 phase stainless steel has, when making the organization into a martensite single phase organization aim, Mo 
content cannot be recklessly made [ many ]. Since Mo is a ferritizer, although, as for this, addition of austenite generation 
elements, such as nickel, is needed with the increase in Mo content, since addition of nickel etc. reduces the temperature 
(temperature = Ms point which a martensitic transformation starts) in which the austenite which is a parent phase carries out a 
martensitic transformation, it is because it is hard coming to generate martensite. 

[00 1 2] That is, if an Ms point falls and it becomes below a room temperature near the room temperature, it will become the 



1 of 6 



4/8/03 3:23 PM 



http://www4.ipdl.jpo.go.jp/cgi-bln/tran_web_cgLejje 



organization which a martensitic transformation stops being able to happen easily and contains a retained-austenite phase so 
much. Intensity, especially yield strength fall and the steel which contains this retained-austenite phase so much cannot be used as 
steel for oil wells. Moreover, in order that intensity may change sharply by slight processing, the steel materials of uniform 
intensity are not obtained on manufacture. 

[0013] Therefore, in order to improve corrosion resistance, in making [ many ] Mo content, in order to secure a martensite single 
phase organization, an austenite generation element is added, and the device conventionally maintained just like steel, without 
reducing an Ms point on it is needed. 

[0014] For this reason, this invention persons did experiment research wholeheartedly, in order to find out many other properties, 
especially the austenite generation element which does not have a big bad influence on corrosion resistance for many elements it 
not only not to to reduce an Ms point, but. 

[00 1 5] Consequently, Co was an austenite generation element, it was made to go up about [ not reducing an Ms point ] or a little, 
and it became clear not to have a big bad influence on many other properties moreover. 

[0016] Then, as a result of performing a component design in consideration of distribution of each element, and phase balance 
and control of an Ms point, the steel which has the above-mentioned chemical composition demonstrated 2 phase stainless steel 
and the corrosion resistance more than equivalent under the carbon-dioxide-gas environment containing a hydrogen sulfide [ that 
there is more much pH 3 (0.05atm **, 1 atm or less) ], and, moreover, desired intensity carried out the knowledge of the ability to 
stabilize and secure. 

[0017] In addition, as a low C martensitic stainless steel containing Co and Mo, there is steel shown in JP,59-15978,B, 
JP,4-2680 1 8,A, a 4-2680 1 9 official report, and a 8-246 1 07 official report, for example. However, since Mo content of each steel 
shown in these official reports is 3% or less, the corrosion resistance is inferior to 2 phase stainless steel. Moreover, since Co is 
carried out to to 4.0% at the maximum, in such steel, this invention cannot solve the target technical problem. 
[0018] 

[Embodiments of the Invention] Hereafter, in this invention, the reason which limited the chemical composition of steel as 
mentioned above is explained in detail. In addition, "%" means "weight %" below. 

[0019] C: If the content of C exceeds 0.05%, a degree of hardness with hardening becomes high, even if it carries out temper at 
an elevated temperature, intensity will not fall, but sulfide-proof stress crack nature will fall. Since the degree-of-hardness rise of a 
heat affected zone became remarkably large and toughness and corrosion resistance fell when using it especially, having welded, 
the upper limit was determined as 0.05%. In addition, although it is better as C content has the lower low one for it being good 
and securing the toughness of a heat affected zone with welding especially, too much reduction causes a cost rise. For this reason, 
manufacture made the minimum 0.001% in consideration of the easy thing economically. The range of desirable C content is 
0.001 - 0.025%, and the more desirable range is 0.001 - 0.01%. 

[0020] Although Si: Si is an element required for the deoxidation of steel, since it is a ferritizer, if it adds too much, a delta ferrite 
will generate and corrosion resistance and hot-working nature will fall. However, in order to acquire sufficient deoxidation effect, 
0.05% or more of content is required. On the other hand, if a content is carried out exceeding 1%, it will become easy to generate 
a ferrite. Therefore, Si content could be 0.05 - 1 %. 

[0021] Like the above-mentioned Si, Mn:Mn is required as a deoxidizer of steel, and is an element with the operation which 
raises hot-working nature. However, at less than 0.05%, those effects are not fully demonstrated for the content. On the other 
hand, if it is made to contain exceeding 2%, toughness will fall. For this reason, Mn content could be 0.05 - 2%. 
[0022] P: P exists in steel as an unescapable impurity, and reduces corrosion resistance and toughness. In order to secure 
sufficient corrosion resistance and toughness, it is necessary to make the content 0.025% or less. In addition, if P content is low, it 
is as good as a low. 

[0023] S: Like the above-mentioned P, S exists in steel as an unescapable impurity, and reduces hot-working nature, corrosion 
resistance, and toughness. In order to secure sufficient hot-working nature, corrosion resistance, and toughness, it is necessary to 
make the content 0.01% or less. In addition, like the above-mentioned P, if S content is low, it is as good as a low. 
[0024] Although Cr:Cr is the corrosion resistance of a martensitic stainless steel, and a component which raises a 
carbon-dioxide-gas-proof corrosive especially, at less than 9%, an effect is not acquired for the content. On the other hand, if it is 
made to contain exceeding 14%, even if it will add Co mentioned later, an Ms point falls, a retained-austenite phase generates, it 
is still hardening and considering as martensite single phase becomes difficult. Therefore, Cr content could be 9 - 14%. In 
addition, since its carbon-dioxide-gas-proof corrosive improves the more the more Cr content is high, it is 10.5 - 14% preferably. 
[0025] By making the content into 3.1% or more, it is an element important when securing the best sulfide-proof stress crack 
nature, and as a martensitic stainless steel, the highest sulfide-proof stress crack nature is secured, and the more Mo:Mo increases 
the content, the more the localized-corrosion nature under carbon-dioxide-gas environment and its sulfide-proof stress crack 
nature improve, however, if it is a powerful ferritizer and the content exceeds 7%, even if Mo adds Co of the amount mentioned 
later, a delta ferrite will generate it ~ an Ms point both comes to fall For this reason, Mo content could be 3. 1 - 7%. 
[0026] nicke l: nickel is the most important element in Co later mentioned when suppressing generation of a delta ferrite in the 
martensitic stainless steel of the low C-quantity Cr-quantity Mo of this invention. However, at less than 1%, even if the content 
makes the below-mentioned Co contain to upper-limit ****** 9 it cannot inhibit generation of a delta ferrite. On the other hand, if 
it is made to contain exceeding 8%, an Ms point will fall and a retained-austenite phase will come to generate. Therefore, nickel 
content could be 1 - 8%. in addition, as the mould size at the time of continuous casting and the ingot size at the time of ingot 
making become large, it is better for nickel to make the content into 5 - 8% more desirably 3 to 8% at those with an operation 
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which suppress the segregation of a segregation plain-gauze cone ferritizer, and the well which acquires this effect 
[0027] Co:Co is an element in which an Ms point is not reduced, suppresses generation of the delta ferrite in the elevated 
temperature of the martensitic stainless steel of the low C-quantity Cr-quantity Mo of this invention, and when it cools, in order 
that it may not make a retained austenite generate, it is indispensable while it stabilizes an austenite phase at an elevated 
temperature. However, the content of the effect was not enough at less than 0.5%, and since it was an expensive element, 7% was 
made into the upper limit in consideration of the manufacturing cost. 

[0028] The content is not obtained for ** by the element which needs sol.aluminum:aluminum as a deoxidizer of steel, and effect 
sufficient at less than 0.001 % is not acquired with sol.aluminum. On the other hand, if it is made to contain exceeding 0. 1 %, since 
it is a powerful ferritizer, a delta ferrite will come to generate. Therefore, the sol.aluminum content could be 0.001 - 0.1%. 
[0029] N: If N exists in steel as an unescapable impurity and the content exceeds 0.05%, a degree of hardness with hardening 
becomes high, even if it carries out temper at an elevated temperature, intensity will not fall, but sulfide-proof stress crack nature 
will fall. Since degree-of-hardness elevation of a heat affected zone became remarkably large and toughness and corrosion 
resistance fell when using it especially, having welded, the upper limit was determined as 0.05%. In addition, if N content is low, 
in a low, the toughness of a heat affected zone with welding will become good. A desirable upper limit is 0.025% or less, and a 
more desirable upper limit is 0.010%. 

[0030] O(oxygen): Since toughness and corrosion resistance fell when it existed in steel as an unescapable impurity and the 
content exceeded 0.01% like the above-mentioned N, O made the upper limit 0.01%. 

[003 1 ] Although it is not necessary to add, since a carbon-dioxide-gas-proof corrosive and sulfide-proof stress crack nature will 
improve if it adds, Cu:Cu can be added if needed. Although the effect becomes remarkable at 0.5% or more, if it is made to 
contain exceeding 5%, hot-working nature will deteriorate and the manufacture yield will fall. Therefore, as for Cu content in the 
case of adding, considering as 0.5 - 5% is good. 

[0032] W: Although it is not necessary to add, since the localized-corrosion nature under carbon-dioxide-gas environment will 
improve if it adds, W can be added if needed. Although the effect becomes remarkable at 0.5% or more, if it is made to contain 
exceeding 5%, generation of a delta ferrite and the fall of an Ms point will take place. Therefore, as for W content in the case of 
adding, considering as 0.5 - 5% is good. 

[003 3] Although the steel of this invention is enough if it has the above-mentioned chemical composition, it may contain the 
following element. 

[0034] V, Nb, Ti, and Zr: - since it has the operation which each of these elements fixes C and makes dispersion in strong small 
- the need - responding — among these - since — one selected sort or two sorts or more can be added However, at less than 
0.001 %, the effect of the above [ the content ] is acquired for neither of the elements. On the other hand, if any element is made to 
contain exceeding 0.5%, a delta ferrite will generate and hot-working nature will fall. Therefore, each content of these elements in 
the case of adding could be 0.001 - 0.5%. 

[0035] calcium, Mg, and rapid-eye-movement: — since each of these elements raises the hot-working nature of steel and also it 
has the operation which prevents nozzle ****** at the time of casting - the need - responding - among these ~ since - one 
selected sort or two sorts or more can be added However, at less than 0.0005%, the effect of the above [ the content ] is acquired 
for neither of the elements. On the other hand, if it is made to contain over any element 0.05, a big and rough oxide will generate, 
it will become the origin of pitting, and corrosion resistance will fall. Therefore, each content of these elements in the case of 
adding could be 0.0005 - 0.05%. 

[0036] The martensitic stainless steel for oil wells of this invention which has the above-mentioned chemical composition can be 
manufactured by ingoting using steel-manufacture furnaces, such as a converter and an electric furnace, refining the molten metal 
using refinement furnaces, such as an AOD furnace and a VOD furnace, if needed, considering as the cast piece of a size 
predetermined by the ingot making method or the continuous casting process subsequently, hot-rolling this cast piece, making a 
predetermined product configuration, and considering as a product as it is, or performing annealing or hardening tempering 
processing after rolling. What is necessary is for special processing to be unnecessary and just to manufacture it according to a 
conventional method in that case. 

[0037] However, the temperature in the case of annealing 800-1000 degrees C of temperature in the case of hardening has 
desirable **'s in 500-700 degrees C, reservation of the martensitic structure in which a martensite single phase organization or a 
little retained austenite exists in this case is attained, and also dispersion in strong becomes small as much as possible. 
[0038] 

[Example] the cast piece which ingoted 40 kinds of steel which has the chemical composition shown in Table 1 and Table 2, and 
was obtained - hot forging - it hot-rolled and the plate for an examination with the thickness of 12mm, a width of face [ of 
1 20mm ], and a length of 400mm was produced 

[0039] Subsequently, the plates of two sheets which consist of each steel after performing hardening from 850 degrees C and 
tempering processing at 640 degrees C were arranged in the obtained plate in parallel with a rolling longitudinal direction, they 
were compared to it, gas tungsten arc welding of the comparison section was carried out to it using the welding materials which 
consist of 2 phase stainless steel of 25Cr system, and the welded joint was produced. At this time, the edge preparation whose 
angle is 45 degrees were performed to the comparison section. Moreover, welding is a heat gain 12-15 kJ/cm2. It carried out on 
conditions. 
[0040] 
[Table 1] 
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m 1 



E 


Nq 












ft; 






& 


I 




(££<*) 










C 


Si 


Mn 


P 


S 


Cr 


Ni 


Cu 


Co 


Ho 


1 


sol. Al 




O 






1 


0.006 


0. 34 


0. 76 


0. mi 


0. 001 


12.1 


3.5 


- 


4.7 


4.9 


- 


0. 015 


0. 002 


0. 004 






2 


0.007 


0.34 


0.61 


0.012 


0.001 


11.3 


1.2 


- 


6.9 


4.1 


- 


0.013 


0. 005 


0.003 


- 




3 


0. 006 


0.31 


0.33 


0. 015 


0. 001 


12.5 


3.0 


- 


6.3 


4.8 


- 


0.012 


0. 004 


0.003 


- 




4 


0.016 


0.34 


1.95 


0.011 


0. 001 


11.8 


3.0 


- 


5.1 


5.3 


- 


0.019 


0. 005 


0.003 


- 




5 


0. 008 


0. 24 


0.51 


0.015 


0.001 


11.7 


5.8 


- 


3.9 


4.2 




0.016 


0. 002 


0.003 


- 




6 


0. 008 


0.71 


0.19 


O.Otl 


0. 001 


11.5 


5.2 


1.5 


4.7 


5.6 




0.011 


0. 005 


0. 003 


- 


* 


7 


0.010 


0.24 


0. 55 


0.012 


0. 001 


12.4 


4.1 


- 


5.6 


3.7 


2.3 


0. 018 


0.006 


0. 005 


- 




8 


0.010 


0.56 


0.34 


0.012 


0.001 


11.1 


5.5 


2.0 


4.3 


3.6 


2.0 


0.019 


0. 005 


0. 004 


- 




9 


0. 004 


0. 63 


0.40 


0.011 


0. 00) 


13.1 


5.0 


— 


3.1 


4.3 


— 


0. 019 


0. 006 


0. 003 


V:0.05_ Ti:0.08 




10 


0.011 


0.35 


0.67 


0.008 


0.001 


11.5 


5.5 


- 


5.2 


6.1 




0.017 


0.006 


0. 002 


V:0.04_ Ti:0.03 


W 


11 


0.009 


0.25 


0.57 


0.010 


0.001 


12.7 


4.0 


- 


5.0 


4.1 


— 


0. 012 


0.001 


0.004 


Nb:0.02, Zr:O.I2 . 




12 


0.012 


0.34 


0.47 


0.012 


0.001 


11.9 


3.0 


- 


6.5 


4.9 


- 


0.011 


0.004 


0.005 


Ti:0.015 




13 


0.019 


0.65 


1.27 


0.015 


0.001 


12.5 


4.8 


— 


6.8 


5.8 




0.010 


0. 002 


0.003 


Zr:0.22 




14 


0.026 


0.24 


0.20 


0.005 


0.001 


12.5 


1.9 


4.2 


4.4 


4.3 


- 


0.011 


0.002 


0.003 


ViO.06, Zr:0.09 




15 


0.025 


0.59 


1.08 


0.016 


0.001 


13.2 


4.5 


- 


5.8 


3.9 


1.2 


0.013 


0.006 


0.005 


Nb:0.025, Ti:0.018 




16 


0.015 


0. 39 


0. 69 


0.015 


0. 001 


11.5 


2.9 


1.8 


3.7 


3.4 


2.3 


0.018 


0.004 


0.004 


Ti: 0.012 




17 


0.010 


0. 29 


1.10 


0.015 


0. 001 


11.5 


2.8 




5.0 


4.2 




0.016 


0.003 


0.004 


Ca:0. 0025 




18 


0.012 


0.25 


0. 58 


0.011 


0. 001 


12.7 


4.8 




3.1 


4.3 




0.017 


0.009 


O.004 


Ca:0.0018, Hg:0.00)2 




19 


0. 025 


0.31 


0.91 


0.015 


0. 001 


10.2 


3.1 




6.6 


5.7 




0.011 


0.009 


0.002 


Ce: 0.0021 




20 


0. 008 


0.29 


0.81 


0.016 


0.001 


12.4 


3.8 




5.5 


4.6 




0.015 


0.005 


0.005 


Mg:0. 0037 
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[0041] 
[Table 2] 

m 2 



IK 


Ha 












it 


3 




& 




(££%) 












C 


Si 


Nn 


P 


s 


Cr 


Ni 


Cu 


Co 


Mo 


I 


sol. Al 


N 


0 






21 


0. 042 


0. 29 


0.60 


0.014 


0. 001 


12.7 


5.7 




6.7 


6.1 




0.016 


0.006 


0.002 


Ca: 


0.0014. La:0.0021 




22 


0.001 


0.45 


0. 33 


0.014 


0. 001 


12. 6 


5.7 


0.7 


2.4 


5.2 




0.020 


0. 005 


0.004 


Ce: 


: 0.0044 




23 


0.017 


0. 35 


0.13 


0. 009 


0. 001 


12.5 


2.1 




3.9 


4.2 


0.9 


0.013 


0. 006 


0.005 


Ms: 


: 0.0027 




24 


0.007 


0.63 


1.08 


0.010 


0.001 


12.3 


5.8 


1.3 


2.5 


3.3 


2.3 


0.015 


0. 006 


0.004 


Ca 


: 0.0032 




25 


0.005 


0.35 


0.38 


0.007 


O.O01 


12.3 


5.5 




3.2 


4.8 




0.014 


0. 009 


0. 004 


Ti: 


0.017, Ca:0.0014 




26 


0.019 


0.76 


0.15 


0.015 


0.001 


12.7 


4.9 




3.7 


4.9 




0.014 


0.008 


0. 003 


Ti: 


0.012. Ca:0.0014 




27 


0.016 


0.31 


0.58 


0.016 


0.001 


It. 2 


5.0 




3.7 


5.5 




0.012 


0.001 


0. 004 


Ti: 


0.017, Ca:0.00lk Hg:Q.0Q13 




28 


0.018 


0.45 


0.48 


0.013 


0.001 


10.3 


5.7 




2.5 


4.1 




0.011 


0. 009 


0. 003 


V:0.07. Ti:0.087„ Mg:0. 0027 




29 


0. 026 


0.34 


0.59 


0.022 


0.001 


12.1 


5.7 




4.6 


5.7 




0.013 


0.007 


0.005 


Ti: 0.014, Ca:0.0009 




30 


0.015 


0. 05 


1.09 


0.015 


0.001 


12.5 


2.1 


2.2 


4.7 


4.6 




0.017 


0.005 


0.O03 


Ti:0.019, Ca:0.O024 




31 


0. 006 


0.31 


0. 25 


0.004 


0.001 


11.8 


4.1 




5.4 


3.7 


2.1 


0.010 


o.ou 


0. 004 


Zr :0.027s Ca: 0.0020 




32 


0.012 


0.24 


0.67 


0.015 


0. 00) 


9.5 


3.0 


0.7 


5.9 


4.5 


1.3 


0.014 


0.002 


0.004 


Ti:0.012, Kb:0.0lK Ce:0-0026 




33 


0.016 


0. 11 


1.11 


0.024 


0.001 


*22.2 


5.0 






*2.6 




0.014 


*0. 130 


0.004 


Ca:0. 0019 


* 


34 


0. 027 


0.24 


1.15 


0.012 


0. 001 


*21.9 


5.2 






*2.4 




0.011 


*0. 132 


0.003 


Ca:0. 0023 


m 


35 


0.030 


0.71 


1.11 


0. 020 


0. 001 


*20.0 


4.9 






*2.3 




0.012 


*0. 123 


0. 005 


Ca: 0.0027 




36 


0. 006 


0.91 


0.25 


0.015 


0. 001 


12.0 


5.5 






*2.1 




0.011 


0.007 


0. 004 


Ca: 0.0009 


tfc 


37 


0.016 


0.33 


1.21 


0.013 


0. 001 


10.1 


5.9 






6.5 




0.011 


0.007 


0. 005 




R 


38 


0. 008 


0.17 


1.08 


0.011 


0.001 


13.5 


*9.9 




4.6 


5,7 




0.018 


0. 002 


0.004 


Ce:0.005 


09 


39 


*0. 075 


0.36 


1.09 


0. 009 


0.001 


12.2 


5.7 




3.7 


3.6 




0.016 


0. 001 


0. 003 






40 


0.010 


0. 55 


1.34 


0.015 


0.001 


11.9 


5.5 




3.2 


4.2 




0. 018 


*0. 055 


0. 003 


Mg:0.007 
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[0042] And from the base material section of the obtained welded joint, the longitudinal direction extracted the round bar test 
piece for tensile test which are the diameter of 4mm of a rolling direction, and 20mm of distance between the gage marks, 
presented the tension test, and investigated proof stress (MPa) 0.2%. 

[0043] Moreover, JISZ of the direction where a rolling direction and a longitudinal direction cross at right angles from the base 
material section and a weld zone The No. 4 test piece specified to 2202 was extracted, respectively, the Charpy impact test was 
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presented, and the fracture transition temperature vTrs (degree C) was investigated. In addition, the test piece from a weld zone 
was extracted so that the weld-junction section (boundary of the fused portion and the portion which is not fused) might be located 
in the V notch section. 

[0044] Furthermore, from the base material section and the weld zone, the longitudinal direction extracted at a time two test 
pieces with the thickness of 2mm of the direction which intersects perpendicularly with a rolling direction, a width of face [ of 
10mm ], and a length of 75mm for corrosion tests, respectively, presented the four-point bending stress grant corrosion-cracking 
examination of the following conditions, and investigated corrosion resistance (sulfide-proof stress crack nature). In addition, the 
test piece from a weld zone was extracted so that the above-mentioned weld-junction section might be located in the center of a 
longitudinal direction. 
[0045] «corrosion test condition» 

Testing liquid: 30atmCO2-0. 1 atmH2S saturation, 5%NaCl solution, ** Degree: 80-degree-C, load stress:base material proof 
stress [ 100% of], and immersing time: 720 hours. 

[0046] As for corrosion resistance evaluation, two test pieces made what non-** "Ox" and both of generating of a crack were 

accepted a little in in that generating of a crack was accepted to be to one piece among fitness "OO" and two pieces in what 

generating of a crack was not accepted in non-** "xx" by examination. 

[0047] The above results of an investigation were collectively shown in Table 3. 

[0048] 



[Table 3] 
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OO 
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5A1 
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-88 


OO 
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623 
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-74 


OO 


-62 


OO 


10 


559 
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-82 


OO 


-68 


OO 


11 


563 


-91 


OO 


-80 


OO 


12 


589 


-73 


OO 


-5b 


OO 


13 


568 


-96 


OO 


-83 


OO 


14 


625 


-91 


OO 


-58 


OO 


IS 


561 


-102 


OO 


-88 


OO 


16 


630 


-70 


OO 


-53 


OO 


17 


572 


-74 


OO 


-52 


OO 


18 


615 


-100 


OO 


-65 


OO 


id 


577 


-77 


OO 


-67 


OO 


20 


612 


-109 


OO 


-91 


OO 


21 


594 


-71 


OO 


-56 


OO 


22 


574 


-76 


OO 


-53 


OO 


ir 


614 


-89 


OO 


-77 


OO 


24 


603 


-80 


OO 


-57 


OO 


25 


574 


-98 


OO 


-63 


OO 


26 


571 


-75 


OO 


-50 


OO 


27 


600 


-72 


OO 


-51 


OO 
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588 


-97 


OO 


-77 
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29 
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-70 
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-55 
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577 


-107 
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-82 
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-81 


OO 


-56 


OO 
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-100 


OO 


-69 
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515 


-42 
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-11)8 


X X 


-TV 


X X 


37 


493 
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[0049] As shown in Table 3, the steel of the example of this invention of No. 1 -32 had both the toughness of a base material and a 
weld zone, and good corrosion resistance, having the high intensity of 80ksi class (0.2% proof stress : 55 1 or more MPas) of API. 

[0050] On the other hand, each of conventional steel (2 phase stainless steel) of No.33-35 had low intensity, and the corrosion 
resistance of steel was also inadequate and toughness is not only also inferior, but it was inferior in especially the corrosion 



5 of 6 



4/8/03 3:23 PM 



http^/www4 .ipdl Jpo .go .jp/cgi-bin/tran_web_cgi_ejje 



resistance of a weld zone. 

[0051] Moreover, among the steel of the example of comparison of No.36-40 with which a chemical composition separates from 
the range specified by this invention, since intensity and toughness had few amounts of Mo of a good thing, the steel of No. 3 6 was 
inferior to 2 phase stainless steel in corrosion resistance. The steel of No. 37 had too many amounts of Mo, and also since Co was 
not included, the delta ferrite generated, and intensity and toughness were inferior not only in a low but corrosion resistance. 
Although the steel of No. 3 8 contained Mo and Co of the amount specified by this invention, it separated from the upper limit of 
the range which the amount of nickel specifies by this invention, and the Ms point fell to eye a superfluous hatchet to near a room 
temperature. Consequently, there were many retained-austenite phases, the intensity of toughness of a very good thing was low, 
and it was inferior also in corrosion resistance. As for the steel of No. 3 9-40, in addition to the thing with the very bad toughness 
of a weld zone of a good thing, the intensity of a base material, toughness, and corrosion resistance were [ the amount of C or N ] 
inferior to eye a superfluous hatchet also in corrosion resistance exceeding the upper limit of the range specified by this invention. 

[0052] In addition, although the above-mentioned test result is the result of carrying out for a plate, even if test coupons are a steel 

pipe, shape steel, a steel bar, etc., it cannot be overemphasized by that the same result is obtained. 

[0053] 

[Effect of the Invention] The martensitic stainless steel of this invention has the corrosion resistance in which expensive 2 phase 
stainless steel is excelled, though it is high intensity and high toughness. For this reason, conventionally, it can use for the portion 
by which use of 2 phase stainless steel was made indispensable, since it is high intensity, the tliinning of a member can be 
attained, and there is little amount of the material used, and it is settled, and it attaches at a low price as a result compared with the 
case where 2 phase stainless steel is used. Moreover, lightweight-ization of device equipment can also be attained. 
[0054] Moreover, not only a base material but the performance of a weld zone is good, and this invention steel is used not only for 
an oil well pipe but for uses used welding, such as a flow line and a line pipe, and is very effective. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 : This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] the cast piece which ingoted 40 kinds of steel which has the chemical composition shown in Table 1 and Table 2, and 
was obtained — hot forging — it hot-rolled and the plate for an examination with the thickness of 1 2mm, a width of face [ of 
1 20mm ], and a length of 400mm was produced 

[0039] Subsequently, the plates of two sheets which consist of each steel after performing hardening from 850 degrees C and 
tempering processing at 640 degrees C were arranged in the obtained plate in parallel with a rolling longitudinal direction, they 
were compared to it, gas tungsten arc welding of the comparison section was carried out to it using the welding materials which 
consist of 2 phase stainless steel of 25 Cr system, and the welded joint was produced. At this time, the edge preparation whose 
angle is 45 degrees were performed to the comparison section. Moreover, welding is a heat gain 12-15 kJ/cm2. It carried out on 
conditions. 
[0040] 
[Table 1] 

m 1 



K 


Na 












it 






& 




(_ut%) 










C 


Si 


Xn 


P 


s 


Cr 


Ni 


Cu 


Co 


Ho 


I 


sol.AI 


N 


0 






1 


0. 006 


0. 34 


0. 76 


0.011 


0.001 


12.1 


3.5 




4.7 


4.9 




0.015 


0.002 


0.004 






2 


0.007 


0. 34 


0.61 


0.012 


0.001 


11.3 


1.2 




6.9 


4.1 




0.013 


0. 005 


0.003 






3 


0. 006 


0.31 


0.33 


0.015 


0.001 


12.5 


3.0 




6.3 


4.8 




0.012 


0. 004 


0. 003 






4 


0.016 


0.34 


1.95 


0.011 


0. 001 


11.8 


3.0 




5.1 


5.3 




0.019 


0. 005 


0.003 






5 


0. 008 


0.24 


0.51 


0.015 


0. 001 


11.7 


5.8 




3.9 


4.2 




0.016 


0.002 


0.003 






6 


0. 008 


0.71 


0.19 


0.011 


0.001 


11.5 


5.2 


1.5 


4.7 


5.6 




0.011 


0.005 


0. 003 






7 


0.010 


0.24 


0. 55 


0.012 


0. 001 


12.4 


4.1 




5.6 


3.7 


2.3 


0.018 


0.006 


0. 005 






8 


0.010 


0.56 


0.34 


0.012 


0. 001 


11. 1 


5.5 


2.0 


4.3 


3.6 


2.0 


0.019 


0.005 


0.004 




16 


9 


0. 004 


0. 63 


0.40 


0.011 


0.001 


13.1 


5.0 




3.1 


4.3 




0.019 


0.006 


0. 003 


V:0.05, Ti:0.08 




10 


0.011 


0.35 


0.67 


0. 008 


0.001 


11.5 


5.5 




5.2 


6.1 




0.017 


0.006 


0.002 


V:0.04, Ti:0.03 


W 


11 


0. 009 


0. 25 


0.57 


0.010 


0.001 


12.7 


4.0 




5.0 


4.1 




0.012 


0. 001 


0.004 


Nb:0.02, Zr:0.l2 




12 


0.012 


0.34 


0.47 


0.012 


0.001 


11.9 


3.0 




6.5 


4.9 




0.011 


0. 004 


0.005 


Ti:0.015 


n 


13 


0.019 


0. 65 


1.27 


0.015 


0.001 


12.5 


4.8 




6.8 


5.8 




0.010 


0. 002 


0.003 


Zr:0.22 




14 


0. 026 


0.24 


0.20 


0.005 


0.001 


12.5 


1.9 


4.2 


4.4 


4.3 




0.011 


0.002 


0.003 


V:0.06, Zr:0.09 




15 


0. 025 


0.59 


1.08 


0.016 


0.001 


13.2 


4.5 




5.8 


3.9 


1.2 


0.013 


0.006 


0.005 


Mb:0.025> Ti :0.018 




16 


0.015 


0.39 


0. 69 


0.015 


0. 001 


11.5 


2.9 


1.8 


3.7 


3.4 


2.3 


0.018 


0.004 


0.004 


Ti:0.0I2 




17 


0.010 


0. 29 


1.10 


0.015 


0. 001 


11.5 


2.8 




5.0 


4.2 




0.016 


0.003 


0.004 


Ca:0. 0025 




18 


0.012 


0. 25 


0. 58 


0. 011 


0. 001 


12.7 


4.8 




3.1 


4.3 




0.017 


0.009 


0.004 


Ca:O.0Q18, Hg:0.0012 




19 


0. 025 


0. 31 


0.91 


0.015 


0. 001 


10.2 


3.1 




6.6 


5.7 




0.011 


0.009 


0.002 


Ce:0. 0023 




20 


0. 008 


0. 29 


0.81 


0. 016 

. — — — • -— — ^ * 


0.001 


12.4 


3.8 




5.5 


4.6 




0.015 


0.005 


0.005 


Mg:0. 0037 
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m 2 



Not 



ft 



(Si:K) 





C 


Si 


Nn 


p 


jit 

s 


Cr 


Ni 


1 Cu 


Co 


Mo 


I 


sol. Al 


N 


0 


*®4fe 


21 


0. 042 


0.29 


0. 60 


0.014 


0. 001 


12.7 


5.7 




6.7 


6. 1 




0.016 


0.006 


0.002 


Ca 


:0.0D14, La:0.0021 


22 


0. 001 


0.45 


0. 33 


0.014 


0. 001 


12.6 


5.7 


0.7 


2.4 


5.2 




0. 020 


0.005 


0.004 


Ce 


:0.0044 


23 


0.017 


0. 35 


0.13 


0. 009 


0. 001 


12.5 


2.1 




A A 

3.9 


4.2 


0.9 


0.013 


0. 006 


0. 005 


Ms 


: 0.0027 


24 


0.007 


0.63 


1.08 


0.010 


0. 001 


12. 3 


5.8 


1.3 


2.5 


3.3 


2.3 


0.015 


0. 008 


0. 004 


Ca 


:0.0032 


25 


0.005 


0.35 


0. 38 


0. 007 


0. 003 


12.3 


5.5 




3.2 


4.8 


«M 


0.014 


0. 009 


0. 004 


Ti 


:0.017, Ca:0.0014 


26 i 


0.019 


0. 76 


0. 15 


A A i V 

0.015 


A Jk, A * 

0.001 


12.7 


* A 

4.9 




A. — ■ 

3.7 


4.9 




0.014 


0.008 


0. 003 


Ti 


:0.012, Ca:O.0OI4 


27 


0.016 


0.31 


0, 58 


0.016 


0.003 


It. 2 


5.0 




3.7 


5.5 




0.012 


0.001 


0. 004 


Tl 


0.017, Ca:0.001k Hg:0.0013 


28 


0.018 


0.45 


_ J A 

0.48 


0.013 


0.001 


10.3 


5.7 




A A 

2.5 


4.1 




0.011 


0. 009 


0. 003 


V:< 


).07, Ti:0. 087. Mg:0. 0027 


29 


A A A A 

0. 026 


A & j 

0.34 


m A a 

0.59 


A A. A A 

0. 022 


0.003 


•a i 

32. 1 


5,7 




A A 

4.6 


5.7 




0.013 


0.007 


0. 005 


Ti 


0.014, Ca:0.0009 


30 


0,015 


0. 05 


1.09 


0.015 


0.001 


12.5 


2.1 


A fM 

2.2 


4.7 


4.6 




0.017 


0.0D5 


0. 003 


Ti' 


.0.019, Ca: 0.0024 


31 


0. 006 


0.31 


0. 25 


0. 004 


0.001 


11.8 


4. 1 




5.4 


3.7 


2. 1 


0.010 


0.011 


0. 004 


Zr 


0.027, Ca: 0.0020 


32 


0.012 


0. 24 


0.67 


0.015 


A A A — 

0. 00) 


9.5 


3.0 


0.7 


A 

5.9 


4.5 


1.3 


0.014 


0. 002 


0. 004 


Ti. 


0.012, Nb:0.OlK Ce:0,0026 


33 


0.016 


0. 11 


1.11 


0.024 


0.001 


*22.2 


5.0 


- 


* - 


*2.6 




0.014 


*0. 130 


0.004 


Ca: 


0.0019 


34 


a a *\ 

0. 027 


0. 24 


t If* 

1. 15 


0.012 


0. 001 


*21.9 


5.2 




* - 


♦2.4 




0.011 


♦0.132 


0.003 


Ca; 


0. 0023 


35 


A AAA 

0. 030 


0.71 


1. 11 


A AAA 

0. 020 


A A A ■ 

0. 001 


*20. 0 


4.9 




* - 


- A A 

*2.3 




A A J A 

0.012 


. A _ A A 

*0. 123 


A A A ™ * 

0. 005 


Ca: 


0. 0027 


36 


0. 006 


0.91 


0. 25 


0.015 


0. 001 


12.0 


5.5 




* - 


*2.1 




0.011 


0.007 


0. 004 


Ca: 


0.0009 


37 


0.016 


0.33 


1.21 


0.013 


0. 001 


10.1 


5.9 




* - 


6.5 




0.011 


0.007 


0. 005 




38 


0.008 


0.17 


1.08 


0.011 


0. 001 


13.5 


*9.9 




4.6 


5.7 




0.018 


0. 002 


0. 004 


Ce:0.005 


39 


*0. 075 


0.36 


1.09 


0.009 


0.001 


12.2 


5.7 




3.7 


3.6 




0.016 


0. 001 


0.003 




40 


0.010 


0. 55 


1.34 


0.015 


0. 001 


11.9, 


5.5 




3.2 


4.2 




0. 016 


*0. 055 


0. 003 


Mg: 0.007 



&2) *Hitt, 



[0042] And from the base material section of the obtained welded joint, the longitudinal direction extracted the round bar test 
piece for tensile test which are the diameter of 4mm of a rolling direction, and 20mm of distance between the gage marks, 
presented the tension test, and investigated proof stress (MPa) 0.2%. 

[0043] Moreover, JISZ of the direction where a rolling direction and a longitudinal direction cross at right angles from the base 
material section and a weld zone The No. 4 test piece specified to 2202 was extracted, respectively, the Charpy impact test was 
presented, and the fracture transition temperature vTrs (degree C) was investigated. In addition, the test piece from a weld zone 
was extracted so that the weld-junction section (boundary of the fiised portion and the portion which is not fused) might be located 
in the V notch section. 

[0044] Furthermore, from the base material section and the weld zone, the longitudinal direction extracted at a time two test 
pieces with the thickness of 2mm of the direction which intersects perpendicularly with a rolling direction, a width of face [ of 
1 Omm ], and a length of 75mm for corrosion tests, respectively, presented the four-point bending stress grant corrosion-cracking 
examination of the following conditions, and investigated corrosion resistance (sulfide-proof stress crack nature). In addition, the 
test piece from a weld zone was extracted so that the above-mentioned weld-junction section might be located in the center of a 
longitudinal direction. 
[0045] «corrosion test condition» 

Testing liquid: 30atmCO2-0.1atmH2S saturation, 5%NaCl solution, ** Degree: 80-degree-C, load stress:base material proof 
stress [ 100% of], and immersing time: 720 hours. 

[0046] corrosion resistance evaluation is good in what generating of a crack was not accepted for two test pieces in by 

examination - what non-** "Ox" and both of generating of a crack were accepted a little in in that generating of a crack was 

accepted to be to one piece among "OO" and two pieces was made into non-** "xx" 

[0047] The above results of an investigation were collectively shown in Table 3. 

[0048] 

[Table 3] 
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* 

w 
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-76 


uu 


-bl 


OO 


2 
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-95 


OO 


-74 


OO 


3 


564 


-93 


OO 


-64 


OO 




561 


-99 


00 




OO 


5 


60] 


-87 


00 


-63 


OO 


6 


62b 


-72 


00 


-58 


OO 


7 


563 


-72 


OO 


-51 


OO 


B 


581 


-88 


OO 


-59 


OO 


9 


623 


-78 


OO 


-62 


OO 


19 


569 


-82 


OO 


-58 


OO 


1 1 


563 


-91 


OO 


-fill 


OO t 


12 


5B9 


-73 


OO 


-55 


OO 


13 


56 


8 


-96 


OO 


-83 


OO 


14 


625 


-91 


OO 


-56 


OO 


15 


581 


-102 


OO 


-88 


OO 


16 


630 


-70 


OO 


-53 


OO 


17 


572 


-74 


OO 


-52 


OO 


18 


615 


-100 


OO 


-65 


OO 


19 


577 


-77 


OO 


-67 


OO 


20 


612 


-109 


OO 


-91 


OO 


21 


594 


-71 


OO 


-56 


OO 


22 


57 


4 


-76 


OO 


-53 


OO 
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-89 


OO 


-77 


OO 


*y j 
6 4 


603 


-80 


OO 


-57 


OO 


1 w 
60 


574 


-98 


OO 


-63 


OO 


Oil 
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-75 


OO 


-50 


OO 
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OO 


-bl 


OO 
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OO 


ntr — 1 — ' 

-77 


OO 


63 
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OO 


-55 


OO 
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OO 


-82 


OO 


0 1 
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-81 


OO 


-56 


OO 
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-100 


OO 


-69 


OO 


* 

/ril 
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33 


515 


-42 


OO 


-32 


Ox 


34 


532 


-55 


OO 


-37 


Ox 


35 


522 


-48 


Ox 


-34 


X X 


tt 

K 

fl 


36 


589 


-108 


X X 


-77 


X X 


37 


493 


-59 


0* 


-30 


X x 


38 


461 
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Ox 


39 


587 


-71 


OO 


-15 


X x 
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-92 


OO 
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[0049] As shown in Table 3, the steel of the example of this invention of No. 1 -32 had both the toughness of a base material and a 
weld zone, and good corrosion resistance, having the high intensity of 80ksi class (0.2% proof stress : 55 1 or more MPas) of API. 

[0050] On the other hand, each of conventional steel (2 phase stainless steel) of No.33-35 had low intensity, and the corrosion 
resistance of steel was also inadequate and toughness is not only also inferior, but it was inferior in especially the corrosion 
resistance of a weld zone. 

[005 1 ] Moreover, among the steel of the example of comparison of No. 3 6-40 with which a chemical composition separates from 
the range specified by this invention, since intensity and toughness had few amounts of Mo of a good thing, the steel of No.36 was 
inferior to 2 phase stainless steel in corrosion resistance. The steel of No. 37 had too many amounts of Mo, and also since it did 
not contain Co, the delta ferrite generated it, and not only intensity and toughness are low, but it was inferior in corrosion 
resistance. Although the steel of No. 3 8 contained Mo and Co of the amount specified by this invention, it separated from the 
upper limit of the range which the amount of nickel specifies by this invention, and the Ms point fell to eye a superfluous hatchet 
to near a room temperature. Consequently, there were many retained-austenite phases, the intensity of toughness of a very good 
thing was low, and it was inferior also in corrosion resistance. As for the steel of No.39-40, in addition to the thing with the very 
bad toughness of a weld zone of a good thing, the intensity of a base material, toughness, and corrosion resistance were [ the 
amount of C or N ] inferior to eye a superfluous hatchet also in corrosion resistance exceeding the upper limit of the range 
specified by this invention. 

[0052] In addition, although the above-mentioned test result is the result of carrying out for a plate, even if test coupons are a steel 
pipe, shape steel, a steel bar, etc., it cannot be overemphasized by that the same result is obtained. 

[Translation done.] 
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CLAIMS 
[Claim(s)] 

[Claim 1] By weight %, CO.OOl - 0.05%, Si:0.05-1%, Mn:0.05-2%, P:0.025% or less, S:0.01% or less, Cr:9-14%, Mo:3.1-7%, 
nickel: 1-8%, Co:0.5-7%, sol.aluminum:0.001-0. 1%, The martensitic stainless steel for oil wells excellent in the 
carbon-dioxide-gas corrosive and sulfide-proof stress crack nature which N:0.05% or less, O (oxygen):0.01% or less, Cu:0-5%, 
and W:0 - 5% are contained, and the remainder becomes from Fe and an unescapable impurity. 

[Claim 2] Furthermore, the martensitic stainless steel for oil wells according to claim 1 which was excellent in weight % at the 
carbon-dioxide-gas corrosive and sulfide-proof stress crack nature containing one sort chosen from from while of V:0.001 - 
0.5%, Nb:0.00 1-0.5%, Ti:0.00 1-0.5%, and ZnO.OO 1-0.5%, or two sorts or more. 

[Claim 3] Furthermore, the martensitic stainless steel for oil wells according to claim 1 or 2 which was excellent in weight % at 
the carbon-dioxide-gas corrosive and sulfide-proof stress crack nature containing one sort chosen from from while of 
calcium:0.0005-0.05%, Mg:0.0005-0.05%, and REM: 0.0005 -0.05%, or two sorts or more. 

* 

[Translation done.] 
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♦ 



1 

[ffSJll] WS%X\ C : 0. 00 1-0. 0 5%. 
Si : 0. 0 5—1%. Mn : 0. 0 5—2%. P : . 
0.02 5%«T. S : 0 . 0 1%&.T. C r : 9-1 
4%. Mo : 3. 1 — 7%. Ni : 1—8%. Co : 
0. 5—7%. sol. Al :0. 001—0. 1%. 
N: 0. 0 5%OT. O (Mm) : 0. 0 1%«T. C 
u : 0-5%. W: 0-5%£-£*U JSg&fr'FefcJ: 

imwmm* &mtfx®&& t mvnm&j) 
wx^zmx^m^m^tv^y^ h^x^yuxm. 

im$TM21 MM%X\ V: 0. 0 0 1 — 0. 

5%. Nb : 0. 0 0 1 — 0. 5%. Ti : 0. 0 01 
— 0. 5%t3«tlXZr : 0. 0 0 1—0. 5%<7)d*>*> 

t>miftifc i a* fcii 2mih$ im-tz>m&tfxi%& 

[f»£J53] aa%T\ Ca : 0. 000 5- 

0 . 0 5%. Mg : 0 . 0 0 0 5—0 . 0 5%ti£VR 
EM:0. 0005—0. 0 5 %<7> o *>t^mWxt: 1 

[0001] 

xmizmu i*)mt< imwfx j &&fc>mtfx 
timm< x-iii?ifflm>z(ommm-tz> 70-5 
a y*yj y>M rm<nm . mmpmxmn 

y uxmcmtz . 

[0002] 

[0003] ft*. l^'-X££afc#twS#fflfc:tt. 

-?;i^f y*H Yxfyvxmwtiimzixxitz. 

£&ffxrt:W5:<. fltefcf. pH#3T. 8tft (0. 

0 5 a t mJilT) «B4t*«t-firtrilWTtt. 
*HK*LJfc*->*-l 3C rififcffcSflSi&ailitfglJ 

[0004] bZbifi. JJBfcliHt. P H#3T. 
(0. 05a tmS. 1 a tm&T) 08tfbkfg£ 

y*TA hJkXT-yuxmtfi^K. SW^ffix-f^x 



(2) 1^2000-192196 

2 

[0005] 

10 9£< (0. 05atmj@. 1 a t mfcTF ) <7Mfc>m 

aatsmktfxmmrtzti^xi,. 2nxy-yvxmt 

^mmt&tt-rhmtm^T-yw vikxy-yv 
xmm&zztiizib&. 

[0006] 

[ns^)»^s^<^g] ^wn<m^a. tie<o 

[0007] WM%T. C : 0. 0 0 1—0. 0 5%. 
Si:0. 0 5— 1%. Mn:0. 0 5—2%. P : 
20 0. 025%J31T. S : 0. 01%J31T. Cr : 9-1 
4%. Mo : 3. 1 — 7%. Ni : 1—8%. Co : 
0. 5—7%. sol. Al : 0. 0 01 — 0. 1%. 
N : 0. 0 5%£1T. O (S^) : 0. 0 1 %OT. C 
u : 0—5%. W: 0-5%Sr^L. Sg&#Fefc\fc 

xPF*mFma*t>% hmsuaxmit&ti x xmmm 
m^mimzmv^m^m-7/^ry^-A v&x^-yvx 

[0008] ±s^fmmmm^)\rry^A \-&xr 
y\yxm\t. imcojsiftimiz. mm%x-. v -.o.o 

30 01— 0. 5%. Nb : 0. 00 1— 0. 5%. Ti : 
0. 001-0. 5%fcJ:tfZr:0. 001-0. 5 

Ca:0. 0 00 5—0. 05%. Mg:0. 0 00 5 
-0. 05%i3J:tmEM : 0. 0005—0. 05% 

xh->x t> xw 

[0009] ±m>*wmi. TU^mmzm^x^ 
[ooio] w&c^firtmz^ts&mxxm&iFizii 

40 ft&Vfi'T-yiM Y^kxfyvxmfm^/mi. Crt 

Motf>£WftT*gS-C#. mzM o-^**<7)|^*^ 

< . M o£Wfi££< iiumis&V-tMlzftt-t I . 

[ooii] l**u 2mxr-yuxm^-th 2mn 
■&mi,zmm-&wm&zzv&t:#>tz. ~?)V7-y*r 

A h&xf-yuxmizb^xi*. ^(rm^^^y^ 

a vmmmwz^hn&xxt. Mo^fisrtf^^ 

£&KMX'b h<nx\ Mo ifsmwgmzft x n i 

a^-XTi-A h±f8jtm?>&&!mt l z%&ii^ n 
so i%znmmmw&x'hh*-x7--t-i v^ivy-y 



-9-4 h^mt&i&g. (-?)\^r>*M h^mamk-t^ 

Uz<<%&1z#>X'bl. 

[0012] -T%h*>. MsMISTU mi§oS.®t1z 
<=5:'?. XxtM hffl^^*^tfffiat^: 

v\ £fz^ b^<nMXX^gyP*ffilzg;{£t&1zib 
[0 0 13] Uztf->X. m^mm^-htzibliZMo 

^-s^ttt. dvt-w* vm$m& 
[ooi4] z<?>itth. xmmut. ^«r>jtmm 

[0015] -e<DJS£. C ofcfcT-Xx-M h^7C^ 

[00 16] &jm<rmftiLW^>X^ Ms 

(0. 05atmj@. 1 atmWT) OB8tffc**£ 

■£ts8tm#ximTizt5^x 2i&XT>i>xmbmw&L 

[00 17]&*K CotMoS:#trfSCv;l-fy-9-4 
h^Xx^UXSii: LTtt. eteftf. mf®5 9- 1 5 
9 7 8^&$. *£H1§¥4 - 2 6 8 0 1 8^&$g. N4- 
2 68 0 1 9^&?gfcJ:t^8- 2 4 6 10 7^mz 

^WAtttt2fflXx>'^ilJ:'3t^oTV^. 
Coll OXtTtZtlX^ZtzHb. Z\tlt> 

<mx'\t*mwmtt tx^zmmzmm-zzttf 

X'^^\ 
[00 18] 

®&t±§icD£ o izm%.it:m&iz^xmmizmwf 

[00 19] C : Cffy&^mtfO. 05%£mi&t. 

T#£i\ m&fctomjjmtimmTth. mz. 
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<. fttz®mix'<?>fmmcr>m&$m&-tiizim 

OTMSrO . 0 0 1 %t Itz. U^C#W*OgB 
HO. 0 0 1-0. 0 2 5%. £*)#£L^mHZ0. 

ooi~o. oi%-e&6. 
[0020] Si : S i \±mnwk\iz$m%jmx'hh 
10 ^ y^^h^ucmx-h^TmaL-t^'htsy 

ttVfi£mx'h&. — ar, i %£j@;t-c^ra$-£6 

7i7>( h#*£j£L Ji M-<5:S. Lfc#oT. Si 
£#Stt0. 0 5~l%i:Lfe. 
[ 0 0 2 1 ] Mn : M n«. JhfEOS i 81?) 

fflB£8r?7C*-e*>£, L*»U -5-c^WM^O . 0 5 

». Mn^fliiO. 0 5~2%fcUt. 

[ o o 2 2 1 p : pji^nne^ttfet ixmwzim 

5WSl-rS7t«>ttt'5-<0^«& 0.02 5%lilTfc-TS 
[0023] S : Sli. ±^COPtH«t. ^fiST^ 

fe*tctt^^«$r 0.01 %WFl l z-?&&mW$> 

30 ^:i>. s^aa. imvptmm^ mnum 

[ 0 0 24 ] C r : C r(i. ^f-y^A YJkXy-y\y 

tftftx-bhifi. *<rfe^mtf9%^x'\mmj i %t>ix 

^rv\ 14%Srgi.T^#$*Si:. ^T&C 
o£»LTi>Ms£*WLT®®:*-Xx:M hffl 

#*ISL<&&. L^-?T. Cr#^TfiJi9~14%t 
40 ^tt^'iaii-rSOT'. L < tt 1 0 . 5 ~ 1 4 %T' 
[ 0 0 2 5 ] M o : M o(i«^cOii8«5fl:ftlS^iiKx1±^ 

sifii-rs 3 tx-^^Ttmx'h *) . -?-<^^riS:3. 1 
xmt Lx\mn<mwmfcmw&im&zti. -e 

50 b i>{^ M s ^fiT-fl. J: a (^S . CKOfe 



5 

[00 26] Ni : Nill #2S8Jfc9ffiC -©C r -j§ 

h ms^rnxb & . l*» t . i %*st -c 

{i. ^<9Co£JbJ8ffiv^tf£T^S$-ltT£>#7x 
& 1 5 lz%h . Ltdfi^X, N i ttMlt 1~8% 

[ 0 0 2 7 ] C o : C o<±. jffi§-C:*-*T7M M8£ 

fc-s^iftce&s. L*>U *?>£*S#0. 5%* 

[0028] so 1. Al : A 1 liSHft&S&fflb LX& 

WjrKMX'htK zeyfrSMff s o l . a l "Co. oo 

i%^mxn+^mdJ : n^ti^\ — 0.1% 
zmz-x-tuzittt. mfcvs-n h£s$jt*xh 

sol. Al^fUiO. 0 0 1~0. l%t 

Ufc. 

[0029] n : mi^rmmmk txm^mt. 

wum<%<). nnxmrnhx^imintfe*-?. m 
^.{mmmnx^iMT't^ . ®iz. m®Lx®m-tz> 

0. «tt. w^tt^T-r-s^-c. znimzo. 05 

0. 0 2 5%J3IT. <k9#2U\fcJK<±0. 0 1 0%T 

[00 30] O (Wm) : Ott. ±fEtf>NfcP«C. ^ 
^SW^M^i: LTlH*fc#£U *<0£3T*#0 . 0 

1 $9tt, W:£tt*H£T$-S<7)T\ -e*>± 

^SrO. 01%fcLZ:. 

[0031] Cu : CuttSamL^<Tt«J:v^\ ma 

&<r>x\ <mizmtxmathzttfT*h. *<vmk 
&tmwNi.m i gfcLxmM?®t')m;T-f&. i 
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[0032] W: WteffimL%<XhJ:^l)\ mntttl 

\ffmxxmf^x'<omm&'&ij i fa±.~?h<r>x. -m 
£mtxmmt&zttfx'$z>. *<ry&mto. 5%a 

±T'^Pfc^S*\ 5%£MlXttZit2,t. Syx. 

Jirrs^cow^gtio. 5~5%fc-f6cD#>M:v\ 

[0033] xmiomi. ±Mcott&mL£ftttM 
-wtx'b&tf. Twnm^ts^xh^x^k^. 

[0034] V s Nb. Ti s Zr : Clft.£><07cSfcL 

v v^vi^s* t. ^cot!^mn) i o.ooi %^.mxmm 
<m&mt>ix&\ \.rfix<07mi> o . 5%£ 

to&HMlt. HffltO. 00 1-0. 5%fcUt. 
[0035] Ca, Mg. REM : Ztlh<r>Hmt. V* 

o . 0005 x^mQ^tmijmm^n^ix^w - 

V^<07»t0. 0 5^j@iT^*§*Si:, a 
tt. ^-ffltO. 00 0 5—0. 0 5%fcLfc. 

[0036] ±MZ<wtms8.tttz>*miv>mtm-? 

30 mrzm^ximL. ^z^tx^mmiAOD^ 
*voDfp%t'rtmmm^xmLL. v&vc&m 

im®izmiL*ttimAtiimLimzm-z 

fe->XWk-ftilf£t>\ 

[0037] ^3t'L. MAil-f S ^-^iSJgJi 8 0 0— 
lOOOX;, *£KL-t-S>*§&<0iSJg»±5 0 0—7 0 0^ 

[0038] 

imm] mi tm iz7j?ttt&®&m-f$>4 oss 

m% 1 2mm. 1@1 2 0mm. fi?4 0 OmmCO^gOT 

[0039] <5?^T\ #^>il/v!««t^ 8 5 0X:*><o<s9 
fitAiit 6 4 0*CT'OMMU?raS:teLfc&. 

50 fc* 2ft(7)««|si±^fflift#^ri*ifcTOtM^-C??# 
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Shit. Z?m£-&h1t&$:25Cr% l V>2mX7->l' *I4. AJ**1 2 

xmfrt>%&mmttmzm^x#x ■ ?yyxT> r i o 04 o ] 
mat. nmn<4 5- oiBfeinisrSfct*:,, tti. mm* 

m i 
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15kJ/cm2 crg&Tfi-otz. 
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% 




fi 














C 


Si 


Mn 


P 


S 


Cr 


Ni 


Co 


Co 


Ho 


I 


sol.AI 


N 


0 






I 


0. 006 


0.34 


0. 76 


0.011 


0. 001 


12.1 


3.5 


- 


4.7 


4.9 


- 


0.015 


0.002 


0.004 


- 




2 


a 007 


0.34 


0.61 


0.012 


0.001 


11.3 


1.2 


- 


6.9 


4.1 


- 


0.013 


0.005 


0.003 


- 




3 


0.006 


0.31 


0.33 


0.015 


0.001 


12.5 


3.0 




6.3 


4.8 


— 


0.012 


0.004 


0.003 


- 




4 


0. 016 


0.34 


1.95 


0.011 


0.001 


11.8 


3.0 


- 


5.1 


5.3 


— 


0.019 


0. 005 


0.003 


- 




5 


0.008 


0.24 


0.51 


0.015 


0.001 


I 11.7 


5.8 


- 


3.9 


4.2 


— 


0.016 


0.002 


0.003 


- 




6 


0.008 


0.71 


0.19 


0.011 


0.001 


11.5 


5.2 


1.5 


4.7 


5.6 




0. on 


0.005 


0.003 


- 




7 


0.010 


0.24 


0.55 


0.012 


0.001 


12.4 


4.1 




5.6 




Z. O 


a nig 


ft AAfl 


0.005 


- 




8 


0.010 


0.56 


0.34 


0.012 


0.001 


11. 1 


5.5 


2.0 


4.3 


3.6 


2.0 


0. 019 


0.005 


0 004 






9 


0. 004 


0.63 


0. 40 


0.0)1 


0.001 


13.1 


5.0 




3.1 


4.3 




0.019 


0.006 


0.003 


V:0.05. Ti:0.08 




10 


0.011 


0.35 


0.67 


0.008 


0.001 


11.5 


5.5 




5.2 


6. 1 




0.017 


0.006 


0.002 


V:0.04. Ti:0.03 


91 


n 


0.009 


0.25 


0.57 


0.010 


0.001 


12.7 


4.0 




•» ft 


4.1 




0.012 


0.001 


A AAi 
U. UU4 


UK* A A9 7*»- A 19 i 




12 


0.012 


0.34 


0.47 


0.012 


0.001 


11.9 


3.0 




ft ^ 

D. a 


4.9 




0.011 


0.004 


A AAC 
0. 0U9 


TI -A Al C 

Tl .0. Ola 


ft 


13 


0.019 


0.65 


1.27 


0.015 


0.001 


12.5 


4.8 




ft A 
0.0 


5.8 




0.010 


0.002 


A AA9 
0. WW 


zr .[). ci 




14 


0.026 


0.24 


0.20 


0.005 


0.001 


12.5 


1.9 


I. b 


i A 


4.3 




0.011 


0.002 


A flA9 


U-A AC 9*. -it na 




15 


0.025 


0. 59 


1.08 


0.016 


0.001 


13.2 


4.5 




«i A 


3.9 


1.2 


0.013 


0.006 


A AAC 


UK ■ ft A4E "F! . n nio 

AD.D.U25* Tl -0.018 




16 


0.015 


0.39 


0.69 


0.015 


0.001 


11.5 


2.9 


1 R 

1. 0 


^ 7 


3.4 


2.3 


0.018 


0.004 


A AAi 
v. Wn 


11 -U. Vl£ 




17 


0.010 


0.29 


1.10 


0.015 


0. 001 


11.5 


2.8 




R ft 


4.2 




0.016 


0.003 


n tint 
u. UU4 


La. i). uuza 




18 


0.012 


0.25 


0.58 


0. Oil 


0.001 


12.7 


4.8 




1 1 
j. J 


4.3 




0.017 


0.009 


n no j 
If. UU4 


p n .A nnio *n f\Ai i 
ta-U. UUla> Rg. 0.00)2 




19 


0.025 


0.31 


0.91 


0.015 


0.001 


10.2 


3.1 




R R 

D. D 


5.7 




0.01) 


0.009 


A ntn 


tell. uliZi 




20 


0.008 


0.29 


0.81 


0. 016 


0.001 


12.4 


3.8 






4.6 




0.015 


0.005 


v. UU3 


Bg.VJ. WOI 


















* 




11 




















C- 2 
1 2 












Not 












ft 






81 


* 


(£&%) 










C 


Si 


Mn 


P 


s 


Cr 


Ni 


Ca 


Co 


Ho 


f 


sol.AI 


H 


0 






21 


0.042 


0.29 


0.60 


0.014 


0. 001 


12.7 


5.7 




6.7 


6.1 




0.016 


0.006 


0.002 


Ca:0.0DI4. La: 0.0021 




22 


0.001 


0.45 


0.33 


0.014 


0. 001 


12.6 


5.7 


0.7 


2.4 


5.2 




0.020 


0.005 


0.004 


Ce:0.0044 [ 




23 


0.017 


Q.35 


0.13 


0. 009 


0.001 


12.5 


2.1 


— ' 


3.9 


4-2 


0.9 


0.013 


0.006 


0.005 


Mg:0.0027 




24 


0.007 


0.63 


1.08 


0. 010 


0.001 


12.3 


5.8 


1.3 


2.5 


3.3 


2.3 


0.015 


0.008 


0. 004 


Ca:0. 0032 




25 


0.005 


0.35 


0.38 


0.007 


0.001 


12.3 


5.5 


- 


3.2 


4.8 




0.014 


0.009 


0.004 


Ti:0.017, Ca:0.00M 


® 


26 


0.019 


0.76 


0. 15 


0.015 


0.001 


12.7 


4.9 


— 


3.7 


4.9 




0.014 


0.008 


0.003 


Ti 0.012. &:0.0014 


27 


0. 016 


0.31 


0.58 


0.016 


0.001 


11.2 


5.0 




3.7 


5.5 




0. 012 


0.001 


0.004 


Ti:0.017. Ca:0.001K Hg:0.0013 




28 


0.018 


0.45 


0.48 


0.013 


0.001 


10.3 


5.7 




2.5 


4.1 




0.011 


0.009 


0.003 


Y:0.07> Ti:0.087. Hg:O.0O27 | 


m 


29 


0.026 


0.34 


0.59 


0.022 


0.001 


12.1 


5,7 




4.6 


5.7 




0.013 


0.007 


0.005 


Ti-0.014, Ca:0.0009 




30 


0.015 


0.05 


1.09 


0.015 


0.001 


12.5 


2.1 


2.2 


4.7 


4.6 




0.017 


0.005 


0.003 


Ti: 0.019, Ca: 0.0024 




31 


0.006 


0.31 


0.25 


0.004 


0.001 


11.8 


4.1 




5.4 


3.7 


2.1 


0.010 


0.011 


0.004 


Zr:0.027. Ca:0.0020 




32 


0.012 


0.24 


0.6? 


0.015 


0.001 


9.5 


3.0 


0.7 


5.9 


4.5 


1.3 


0.014 


0.002 


0.004 


Ti:0.0)2* Mb:0.01K 0:0.0026 




33 


0.016 


0.11 


1.11 


0. 024 


0.001 


*22.2 


5.0 






*2.6 




0.014 


*0.I30 


0.004 


Ca:0.0019 




34 


0.027 


0.24 


1.15 


0. 012 


0.001 


*21.9 


5.2 






♦2.4 




0.011 


*0. 132 


0.003 


Ca:0.0023 




3b 


0.030 


0.71 


1.11 


0.020 


0. 001 


*20.0 


4.9 






♦2.3 




0.012 


*0. 123 


0.005 


Ca:0.0027 




36 


0.006 


0.91 


0.25 


0.015 


0.001 


12.0 


5.5 






*2.1 




0.01! 


0.007 


0.004 


Ca:0.0009 


& 


37 


0.016 


0.33 


1.21 


0.013 


0.001 


10. 1 


5.9 






6.5 




0.01 1 


0.007 


0. D05 




ft 


38 


0.008 


0.17 


1.08 


0. on 


0.001 


13.5 


*9.9 




4.6 


5.7 




0.D18 


0.002 


0.004 


Ce:0.005 




39 


•0.075 


0.36 


1.09 


0.009 


0.001 


12.2 


5.7 




3.7 


3.6 




0.016 


0.001 


0.003 






40 


0.010 


0.55 


1.34 


0.015 


0.001 


11.9 


5.5 




3.2 


4.2 




0.016 


*0.055 


0.003 


Ng:0.007 
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